Abstract -Snap bean is a popular and promising vegetable in Southeastern Brazil . The aim of the current study is to use the multivariate analysis as tool to select snap bean genotypes presenting desired agronomic traits. The study followed a randomized block experimental design, with 4 repetitions and 30 genotypes. The principal component and biplot analyses, as well as clustering, were conducted according to the UPGMA method in order to investigate the mean pod weight (MPW), number of seeds per pod (NSP), pod length (PL), pod width (PWi), total pods (MNP), weight of one hundred seeds (W100S), pod yield (PY) and grain yield (GY). The PL, NSP, MPW and W100S presented positive correlation with GY, besides their indication to direct genotype selection. The PWi and TP were efficient for PY selection. The multivariate analyses suggested the selection of lines UENF 7-10-1, UENF 7-12-1 and UENF 7-20-1, which presented good seed yield, as well as of UENF 14-22-3 and UENF 14-23-3, which showed aptitude to production. Lines located in Group II (UENF 14-4-3, UENF 15-6-4, UENF 7-4-1, UENF 7-9-1, UENF 7-7-1, UENF 7-5-1) did not have good performance in the measured traits and could be discarded. Line UENF 1445 "PARENT 19" proved its potential for seed yield, thus it was promising for the development of productive genotypes. Line 14-3-3 presented good aptitude for negatively correlated variables, because it associated good trait with morphology, seed yield, and pod and grain yield morphological traits.
Introduction
Snap beans are much appreciated vegetables. According to FAO (2014) , their production is estimated to reach approximately 21 million tons worldwide. They are widely consumed and commercialized in Brazil; moreover, their production is distributed in four regions, 25% of the total production is in Northeastern and Midwestern Brazil, whereas 75% of it is in the Southeastern and Southern regions of the country (Melo and Vilela, 2008) .
Although Brazil ranks sixth among the biggest producing countries, little attention has been given to snap beans breeding. The traits of interest for this crop have been empirically selected (Kurek et al., 2001) ; in most cases, their selection and maintenance have been conducted by farmers who re-use their own seeds. In addition, lack of information is another problem linked to this crop, because it impairs getting snap bean cultivars adapted to particular regions.
The presence of genetic variability among the used genotypes is of extreme importance for breeding programs. Estimating the genetic distance between genotypes is the best way to predict genetic variability (Hosan et al., 2010) ; genetic distance estimates and multivariate analyses can help improving selection robustness.
Multivariate analysis techniques are important tools used to select genotypes based on their main traits. The principal component analysis (PCA) is a powerful technique, which stands out among the multivariate ones, since it reduces the set of agronomic traits in the studied genotypes. The technique creates orthogonal axes called principal components, which are linear combinations between the original variables (Leite et al., 2016) . Several variables, as well as study genotypes, are simultaneously analyzed in an accurate, robust and integrated analysis (ACP-biplot) using the biplot technique, which derives from the principal component of the matrix (Maia et al., 2016) . Thus, although snap beans are appreciated by consumers, its culture is little studied, but the multivariate technique is relevant for its cultivation, in terms of genotype selection. The graphical analysis made through this technique makes it easy to identify the genotypes showing the best performance in the assessed traits; moreover, it allows making a more rigorous selection in order to obtain the desirable gains. There are few studies in the literature about the correlation between variables in snap beans, mainly of whom involve a large number of traits to be simultaneously analyzed.
Accordingly, the aim of the current study was to use the multivariate analysis as tool to select snap bean genotypes.
Results and discussion

Principal component analysis
According to Silva and Sbrissia (2010) the principal component analysis (PC) enhances data interpretation, since it holds as maximum information as possible within a smaller number of PCs.
The eight traits were represented by three principal components, fact that explains 74.27% of total data variations ( Table 2) . Descriptors presenting greater Eigenvectors are those of major relevance for the respective components. Thus, by taking into consideration the weighing of the principal components, it was possible observing that the mean number of pods in PC1 presented the greatest contribution for genotype discrimination. The following traits standing out in PC2 were number of seeds per pod, pod length and mean pod weight. Finally, PC3 stood out for 100-seed weight, pod yield and grain yield. Pod morphological traits and seed yield were grouped in the first two principal components. The greatest importance in the third component was related to pod and grain yield. Moreira et al. (2009) reported the same results; however, they found that pod yield was the trait showing the lowest relative contribution, fact that was also observed in the current study. Cruz and Regazzi (2001) reported that the character that did not change among the studied genotypes, as well as that have presented correlation to other important traits, can be discarded as selection criterion.
Line and cultivar scores were recorded in order to make it easier selecting the best genotypes for specific traits (Table  3) . Accordingly, adapted genotypes were those presenting the highest values in the three columns within the table. The indicated lines were PC1, UENF 9-3-2, UENF 9-27-2, UENF 14-3-3, UENF 14-6-3, UENF , in the first column; UENF 7-3-1, UENF 7-6-1, UENF 7-14-1, UENF 7-28-1, UENF 9-3-2, UENF 9-24-2, UENF 14-3-3, UENF 14-11-3, UENF 14-16-3, UENF 15-7-4 and UENF 15-23-4, in the second; and UENF 1445 "PROGITOR 19", UENF 7-10-1, UENF 7-12-1, UENF 9-27-2, UENF 14-3-3, UENF 14-11-3 and UENF 14-23-3 in the third column. Line UENF 14-3-3 was the most stable one for the traits represented by PCs, since it associated good pod morphological traits with seed yield, and with pod and grain yield. Lines UENF 7-12-1 and UENF 14-23-3 and cultivar TOP SEED Blue Line presented the lowest scores in the first, second and third axes, respectively. Abreu et al. (2004) recommended using parent UENF 1445 in snap bean enhancement because it represented good agronomic attributes, mainly for seed and pod yield. Parent UENF 1445 stood out for the following attributes: 100-seed weight, and pod and grain yield; this outcome corroborated the present results. However, the good quality of this line was not confirmed for the number of seed per pod, wherein it recorded the lowest relative contribution to the second axes (table 3), which features this trait.
Biplot analysis
The graphical visualization through this methodology allows observing the multivariate relation between variables, as well as selecting genotypes according to the variable they were correlated with. According to Yang et al. (2009) , PCs that together explain 60% of all data variation can be efficient in multivariate genotype correlation and selection studies of graphic representation. Thus, genotype and variable values were plotted in the same graph. Variables presenting vectors with angles shorter than 90˚ were positively correlated, whereas those with angles larger than 90˚ were negatively correlated; the ones with angle equal to 90˚ presented no correlation (Yan and Fregeau-Reid 2008) . Variables related to seed yield (grain yield, 100-seed weight and number of seeds per pod) were highly correlated with pod morphological traits (mean pod weight, pod length, pod productivity and pod width) (Figure 2 ). This result indicated that the higher the value of the pod morphological components, the greater the grain yield. There were redundant traits among the morphological components. Pod width and mean pod weight were not excluded from the experiment, and the use of these variables may be optional in snap bean enhancement programs, since evaluation easiness is a criterion of choice. Abreu et al. (2004) applied the cluster analysis, with and without total pod weight per fraction, and found that this variable can be discarded in further studies involving snap beans. These results diverge from cowpea (Oladejo et al., 2011) and green bean (Singh et al., 2014) evaluations; however, traits related to seed yield were exclusive and each one of them regards significant and considerable information about cultivars and lines in the present study. Similar studies were found by Paramesh et al. (2016) , who reported that these results can be interpreted due to angle and size differences resulting from vectors associated with variables in the biplot. The mean number of pods is negatively correlated to the number of seed per pod, pod width and mean pod weight. This result evidences that genotypes presenting the greatest mean number of pods per plant can be more productive and good for genotype selection when the seed yield is the goal, since there is no evidence of linear correlation to this trait; similar results were found by Araújo et al. (2012) . Moreover, genotypes located in the upper right quadrant presented good aptitude for negatively correlated traits. Based on the inter-relation between variables within the biplot, it is possible suggesting that the variables 100-seed weight, mean pod weight or pod width, and number of seeds per pod can be taken into consideration in breeding programs when the development of genotypes with high grain yield is the goal. These results corroborate those in studies that had assessed the correlation between agronomic variables in different bean genotypes (Cabral et al. 2011; Gasin et al. 2015; Santos et al. 2015) . Different results were found in common beans and snap beans through cause and effect analyses (Bertini et al., 2010; Ribeiro et al., 2014; Freitas et al., 2016) .
UPGMA cluster
The cophenetic correlation presented 84% magnitude; thus, indicating consistency in the conducted clustering, which was performed according to the UPGMA method (that formed six groups) (Figure 3) . The clusters were set with the aid of the analysis presented in Figure 2 ; the graph represents cluster formation, fact that minimizes the sum of squares within the cluster. The rate of distances between accessions was represented in axis X, whereas the 28 lines and 2 cultivars were represented in axis Y (Figure 2 ). Group I comprised lines UENF 1445 "Parent 19", UENF 7-10-1, UENF 7-12-1 and UENF 7-20-1, whereas Group II comprised the control (TOP.SEED Blue line), UENF 14-4-3, UENF 15-16-4, UENF 7-4-1, UENF 7-9-1, UENF 7-7-1 and UENF 7-5-1. Group III comprised only one UENF line (UENF 14-11-3), Group IV comprised 15 UENF lines (UENF 7-14-1, UENF 7-6-1, UENF 15-7-4, UENF 7-28-1, UENF 15-23-4, UENF 14-16-3, UENF 7-3-1, UENF 9-24-2, UENF 14-3-3, UENF 9-3-2, UENF 9-1-2, UENF 14-6-3, UENF 15-8-4, UENF 15-25-4, UENF 9-27-2) and the control (FELTRIN); Groups V and VI comprised one UENF line, UENF 14-22-3 and 14-23-2, respectively. It was observed that lines from the same parents were not located in similar groups. Techniques used in the present study allow confirming variability among the 28 lines in the germplasm bank of UENF; similar results were found by Teixeira et al. (2004) . The inclusion of new materials can increase the existing variability and, thus, increase the chance of selecting materials with different aptitudes and yield. The genetic divergence analyses may help breeders to manage crossings between contrasting genotypes. Accordingly, it is possible indicating crossings between promising lines in Group I, which present high aptitude for seed yield component, and the line in Groups V (UENF 14-22-3) and VI (UENF 14-23-3). These lines showed the greatest effective contributions to the principal component (mean number of pods), as well as formed isolated groups. Diallel crossings emerge as good instruments for future studies involving these germplasms. Information such as the combinatory capacity of these lines, either in the broad or in the specific sense, may help forming base populations and choosing the lines for specific hybrid combinations. Thus, the solid initial structure of the snap bean enhancement program can be set in order to assure the obtainment of superior genotypes presenting good performance in grain and pod yield based on promising crossings. Besides, other techniques can be used in further studies involving this germplasm, for instance, the application of molecular instruments. According to Abreu et al. (2004) , molecular instruments are relevant for snap bean enhancement programs, mainly when the goal is to compare the recorded phenotypic results.
Materials and methods
Genotypes used in the study and experimental site
The genetic diversity of the 25 accessions of UENF Germplasm Bank showing indeterminate growth habit was herein featured and investigated. Then, divergent accessions presenting desirable traits were crossbred in order to find diallelic hybrids and to, subsequently, advance the generations and selected productive genotypes of commercial quality in Northern and Northwestern Rio de Janeiro State. Thirty (30) 
Adopted Design
The study followed a randomized block design, with 4 repetitions and 30 treatments; 2 commercial genotypes (Feltrin and Top Seed Blue Line) were assessed as productive genotype control and 1 as parent (UENF 1445). The plot comprised 4 rows (5m), 1.0m spacing between rows and 0.5m spacing between plots. Three (3) seeds were sown in each hole. Thinning was performed 10 days after planting, one plant was left per hole, thus totaling 40 plants per plot. The plants were supported with bamboo stakes and wire, 15 days after emergence. The analyses were based on 8 plants located in the middle of the row; the 2 plants in the extremities were kept for seed production. The fertilizations followed the soil analysis guidelines. The cultural and phytosanitary treatments followed the recommendations for the culture, according to Filgueira (2008) , whereas the irrigation was done through sprinkling.
Analyzed variables
Data were collected at culture physiological maturity. The herein analyzed variables were Mean pod weight (MPW) -mean pod/plant total weight (in grams -g) calibrated through precision scale; Number of seeds per pod (NSP) -number of seeds per plant; Pod length (PL) -dry pod measured (in centimeters -cm) by using a ruler; Pod width (PWi) -dry pods, in central position, measured (in millimeters -mm) by using a digital caliper; Weight of one hundred seeds (W100S) -100 seeds from a randomly chosen sample weighted on a duly regulated precision scale; Pod yield (PY) -total weight (in grams -g) of pods in each plant measured on a precision scale; Grain yield (GY) -total weight (in grams -g) of grains in each plant, after pod threshing, measured on precision scale.
Statistical analysis
The principal component analysis (PCA) was used to investigate data collected in the current study. The eigenvalues of all principal components were presented. The eigenvectors were used to better differentiate genotypes in the herein assessed production components. The first two PCs (PC1, PC2) and PC3 presented the greatest variability in the tested parameters and were used for genotype clustering. The biplot was generated based on the genotypes' values; PC1 was used in the horizontal axis, and PC2, in the vertical axis. The effective contribution of genotypes in the first three components were used to generate the distance between genotypes by using the mean Euclidian distance. The Person's correlation between the distance and cophenetic matrices was used to determine cluster cohesion. The analyses applied to the principal component and to the biplot were performed in the R software, whereas the clustering was performed according to the UPGMA.
Conclusion
The multivariate analyses suggested the selection of lines UENF 7-10-1, UENF 7-12-1 and UENF 7-20-1, which had good aptitude for pod yield. The lines located in Group II (UENF 14-4-3, UENF 15-6-4, UENF 7-4-1, UENF 7-9-1, UENF 7-7-1, UENF 7-5-1) did not present good performance in the herein assessed traits and could be discarded. Line UENF 1445 "PARENT 19" confirmed it potential for seed yield, since it was a promising parent for the development of productive genotypes. The line UENF 14-3-3 presented good aptitude for negatively correlation variables, because it associated good pod morphology traits with seed yield, and with pod and grain yield.
